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THE  PLOW  OP  STEAM  THRU  PIPES. 

This  thesis  is  an  experimental  investigation 
of  the  flow  of  steam  thru  pipes  by  means  of  the  Pi- 
tot  tube. 

The  Pi  tot  tube  was  first  used  by  its  inven  - 
tor,  Pi tot,  in  1337,  and  by  those  who  followed  him 
in  the  measurement  of  the  flow  of  water.  Afterwards 
it  was  used  to  measure  the  flow  of  air  and  other 
gases.  Many  exhaustive  experiments  have  been  made 
to  determine  the  equation  of  the  Pi tot  tube,  and 
the  effect  of  the  variation  of  the  shape  of  both 
the  bent  and  the  pressiare  tube.   We  refer  those  who 
are  Interested  in  these  developments  to  a  bibliogra- 
phy following,  in  which  we  have  noted  the  best  arti- 
cles on  this  subject  by  recognized  authorities.  How- 
ever we  have  very  little  data  on  the  subject  of  the 
use  of  the  Pi tot  tube  for  the  measurement  of  the 
flow  of  steam  thru  pipes,  especially  where  the  cnn  - 
densed  steam  itself  is  used  as  a  self  adjusting  head. 

Two  instruments  were  used  to  obtain  the  rate 
of  the  flow  of  steam:  one,  a  set  of  Pi tot  tubes  con  - 
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nected  to  a  gage  glass  in  which  the  velocity  head 
was  visible;   the  other  instrument  being  a  brass 
chamber  connected  to  another  set  of  Pi  tot  tubes  , 
and  containiag  a  glass  float,  which  ,  rising  and 
falling  with  the  change  in  the  velocity  head  ,  re- 
corded its  height  thru  a  mechanism  to  a  hand  trav- 
elling over  a  graduated  dial.  The  object  of  our 
experiments  with  the  latter  instrument  ,  which  we 
shall  designate  as  a  steam  meter  ,  was  to  obtain 
curves  showing  the  relation  between  the  rate  of 
flow  per  hour  and  the  readings  of  the  dial  hand 
in  degrees  ,  for  different  steam  pressures  and 
different  sizes  of  pipes.  Our  object  in  using 
the  gage  glass  was  to  obtain  the  relation  be  - 
tween  the  theoretical  velocity  corresponding  to 
the  velocity  observed  from  the  gage  glass  ,  and 
the  actual  average  velocity  obtained  by  dividing 
the  actual  flow  by  the  area  of  the  pipe  in  square 
feet. 

The  arrangement  of  the  piping  used  to  obtain 
the  flow  of  steam  may  be  seen  from  blue  print  No.l. 
It  was  so  designed  as  to  deliver  dry  and  saturated 
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steam.  The  drains  "G"  and  "S"  ,  placed  before 
the  meter  were  left  open  continually  so  as   to 
relieve  the  system  of  any  water  that  may  have  col- 
lected In  it.   The  valve  ''A"  placed  just  before 
the  meter  was  a  2  Inch  globe  valve,  to  which  was 
attached  a  wooden  handle  for  the  sensitive  ad  - 
justment  of  the  press\are.  By  means  of  this  valve 
the  boiler  pressure  was  throttled  down  to  the  de- 
sired pressure.   As  there  was  a  liability  of  hav  - 
ing  superheated  steam  due  to  this  throttling  of 
the  boiler  pressure  ,  a  Carpenter  calorimeter  was 
inserted  after  the  meter  to  determine  the  quality 
of  the  steam  passing  the  meter.   The  meter   car- 
ried a  3  1/2  inch  A,  3.  G.  &  V.  Co.  Bourdon  gage 
No.  608  R  784,  thecal ibration  of  which  will   be 
fo\ind  at  the  end  of  this  article.   The  valve  "B", 
also  a   2  inch  globe  valve  ,  was  used  to  regulate 
the  flow  of  steam  thru  the  meter  ,  After  passing 
the  valve  J*B"  ,  the  steam  passed  thru  a  VHieeler 
condenser  ,  having  a  condensing  surface  of  200 
square  feet  ,  from  which  the  condensed  steam  was 
pianped  into  large  weighing  tanks  and  weighed. 
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.  The  gage  glass  instrument  consists  of   a 
bent  Pitot  tube  as  shown  by  Pig.  5  ,  and  a  pressure 
tube  as  shown  by  Fig.  4  .  The  bent  tube  is  insert  - 
ed  in  the  pipe  ,  thru  which  the  flow  of  steam  was 
to  be  measured  ,  so  that  the  center  of  the   bent 
part  of  the  tube  was  at  the  center  of  the  pipe  . 
These  tubes  are  placed  about  12  inches  apart,  and 
are  connected  to  the  gage  glass  by  fittings.  Run  - 
ning  along  the  side  of  the  gage  glass  is  a  steel 
scale  graduated  in  tenths  of  a  inch  ,  from  which 
velocity  heads  up  to  10  inches  may  be  measured. 
The  conatruction  of  the  scale  is  such  ,  that  the 
zero  of  the  scale  may  be  set  to  coincide  with  the 
zero  position  of  the  velocity  head  .  There  are 
valves  at  the  top  and  bottom  of  the  gage  glass  , 
which  are  used  to  throttle  the  velocity  head  in 
case  there  is  excessive  vibration  of  the  water  in 
the  gage  glass  . 

The  steam  meter  consists  essentially  of  a 
brass  chamber  containing  a  glass  float  ,  which  ris- 
es and  falls  with  the  change  of  the  velocity  head. 
The  float  is  attached  to  an  arm  which  revolve  a  - 
bout  a  shaft  ,  as  shown  by  blue  print  No,  2  .  This 
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by  means  of  a  connecting  rod  ,  moves  a  sector  with 
teeth  ,  which  in  turn  moves  a  pinion  on  whose  shaft 
is  a  permanent  magnet  .  Now  outside  of  the  casing 
is  another  smaller  magnet  ,  whose  movement  is  con- 
trolled thru  the  brass  casing  by  the  heavier  inner 
magnet  .  Connected  to  the  shaft  of  the  outer  mag  - 
net  is  an  al\.iminum  hand  which  traveles  over  a  di- 
al graduated  in  degrees  .   The  meter  is   connected 
to  the  Pitot  tubes  at  the  top  and  the  bottom  of 
the  meter  casing  ,  by  means  of  ground  union  joints. 
The  lower  or  bent  tube  is  so  placed  as  to  face  the 
flow  of  steam  at  the  center  of  the  pipe  .  The  press- 
ure or  upper  tube  protrudes  about  l/4  inch  in  the 
pipe  .  The  ends  of  all  pressure  tubes  used  were  cut 
off  at  an  angle  of  30  degrees  so  as  to  overcome 
the  effect  of  aspiration  due  to  the  velocity  of 
the  steam  thru  the  pipe  .  (Sse  Pigs.  2  &  4  .)  The 
bent  Pitot  first  used  with  the  meter  is  shown  in 
Pig.  1  ,  and  the  curves  obtained  with  this  form 
of  tube  are  shown  on  page  42 .  Afterwards  a  change 
was  found  to  be  advis -able  ,  and  the  form  of  the 
new  tube  will  be  fotmd  on  Fig.   3  ,  and  the  curves 
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obtained  with  this  form  of  a  tube  are  shovm  on 
page.  43.      The  pressure  gage  was  connected   to 
the  meter  ,  by  means  of  a  pipe  tapped  in  the   top 
of  the  meter  casing  ,  as  shovm  by  blue  print  of 
meter  ,  thus  giving  the  pressure  in  the  meter  . 
There  is  a  small  valve  on  the  lower  Pitot  tube  con- 
nection ,  which  when  closed  prevents  the  condensed 
steam  from  flowing  out  . 

Method  of  operation. 

The  steam  valve  "G**,(  see  blue  print  No.  1) 
was  first  opened  admitting  steam  from  the  main 
steam  header  .   The  steam  passes  thru  the  separator 
and  then  down  a  2  inch  pipe,   at  the  bottom   of 
which  is  placed  a  drain  "G" .  After  this  part  of 
the  piping  had  become  throughly  warm  ,  the  globe 
valve  "A"  was  cracked  open  ,  and  the  drains  "E" 
and  "F"  ,  were  opened  .  After  this  part  of  the 
piping  had  also  become  throughly  warm  ,  the  valve 
"B"  was  opened  which  allowed  steam  to  flow  to  the 
condenser  .  The  steam  was  allowed  to  flow  thru  at 
a  low  rate  for  a  few  minutes  ,  after  which   the 
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valve  "B"  was  closed  ,  and  the  pressure  in  the 
pipe  to  which  the  meter  was  connected  was  brought 
to  the  required  pressure  by  the  nianip. nation  of  the 
valve  "A"  ,  and  the  zero  reading  of  the  meter  was 
found  .   To  be  sure  that  there  was  enough  condensed 
steam  in  the  meter  ,  the  little  valve  on  the  lower 
PI  tot  tube  ,  mentioned  above  ,  was  closed  .   Then 
when  the  pointer  indicated  that  the  head  of  water 
in  the  meter  had  increased  considerably  ,    this 
small  valve  was  opened  which  allowed  the  condensed 
steam  to  run  out  ,  thus  bringing  the  indicator  back 
to  the  true  zero  point  .  At  the  same  time  the 
height  of  the  water  in  the  gage  glass  was  noted  as 
the  zero  reading  of  the  velocity  head  .  After  ob  - 
Gaining  the  zero  readings  of  both  instruments  ,  the 
valve  "  C"  was  opened  wide  ,  and  the  valve  "3" 
opened  to  a  point  which  gave  approximately  the  flow 
required  as  shown  by  the  meter  reading  .   The  press- 
ure was  maintained  constant  by  means  of  the  valve 
"A"  .  After  allowing  conditions  to  become  constant, 
the  condensed  steam  was  turned  into  a  tank  and  the 
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amount  of  steam  passing  by  the  meter  in  a  certain 
period  of  tine  was  found  .   The  length  of  these 
periods  varied  from  20  to  60  minutes,  depending  , 
upon  the  time  the  pressure  could  be  maintained  , 
and  upon  the  velocity  of  the  steam  thru  the  pipe. 
The  length  of  various  runs  may  be  readily   seen 
from  the  running  logs.  The  following  readings  v/ere 
taken  every  ten  minutes;  the  weight  of  the  weigh  - 
ing  tanks;  the  reading  of  the  meter;  and  the  vel  - 
ocity  head  as  recorded,  by  the  gage  glass  in  inches 
of  water. 


Page  11, 


Theory : 

The  calculation  of  the  theoretical  velocity 
head  in  inches  of  water,  by  means  of  the  formula 
V  =  J2ih.  "" 

Let  V  =  velocity  in  feet  per  second. 

h  =  velocity  head  in  inches  of  water, 
H  =  velocity  head  in  feet  of  steam. 
di~   weight  of  a  cubic  foot  of  water  at  a 
temperature  "t",  corresponding  to  a  pressure  "p" . 

d2=  weight  of  a  cubic  foot  of  steam  at  a 
knov/n  pressure  "p". 

A  =  area  pf  pipe  in  square  feet. 
V  =  volume  of  steam  discharged,  in  cu.ft. 
per  hour. 

w  =  weight  of  steam  discharged,  in  lbs. 
per  hour. 

Then  the  pressure  per  sq.in.  of  one  inch  of 
water         d^ 
1728 
M.  Wl 

"The  Pi tot  Tube,  and  Its  Formula." 
Jor.  of  the  Assosiation  of  the  Eng.Soc.  Vol. 27, p  35, 
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and  the  pressure  per  sq.  in.  of  one  cubic  foot 

of  steam 

d2 


Then 


H  -  h 


144 

dl 


12d.: 


V  =  5600 vA  . 


=3600 


'I 


6do 


also   w  =  Vdo  = 


;600  A 


ghdidg 


8341  A  hdid 


1"2 

This  is  a  general  formula  for  any  size  pipe 
and  for  any  pressure. 


For  a  3  inch  pipe  this  formula  reduces  to 
w  -  425  fhd^2 
where  A  •=  ,05047  sq.ft. 

For "a  4  inch  pipe  this  formula  reduces  to 
w  ~   738jhd-,^d2 
where  A  =  .0886  sq.ft. 
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By  substituting  the  proper  values  of  d,  and 
drv  ,  we  obtain  the  following  formulas  from  which 
the  theoretical  curves  shown  were  plotted. 
For  a  3  inch  pipe: 

At  a  pressure  of  70  lbs.  gage, 

w  =  MIOJIT  . 
At  a  pressure  of  80  lbs.  gage, 

w  =  14-S2|h  . 
At  a  pressure  of  90  lbs.  gage, 
w  =  1552J¥  . 

For  a  4  inch  pipe: 

At  a  pressure  of  70  lbs.  gage, 

w  =  245o]h~. 
At  a  pressure  of  80  lbs.  gage, 
w  =  2575  JlTT. 
■  At  a  pressure  of  90  lbs.  gage, 
w  =  269f  Jh"  .. 
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True  Pressure 

Gage  Readings, 

going 

in  lbs. per 

sq.in. 

UP 

DOWN 

50 

54.5 

54',  5 

60 

64*5 

64.5 

70 

75,0 

75.0 

80 

84.5 

84.5 

90 

94.5 

94.5 

100 

104.5 

104.5 

110 

114.5 

114.5 

120 

1S4.5 

124.5 
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Discussion. 

The  data  obtained  ?;Iay  5  to  May  1?  with  the 
form  of  the  Pitot  tube  as  shovm  by  Fig.  1  ,  plot 
very  nicely,  as  nay  be  seen  from  curves  on  page  42. 
The  data  obtained  May  ISth  to  May  23rd  with  the 
form  of  the  Pitot  tube  as  s^iown  by  Pig. 3  ,  also 
follows  a  definite  curve.  (See  page.  43.  ) 

The  greatest  difficulty,  was  found  in  obtain- 
ing the  zero  reading  of  the  meter.  With  the  form 
of  tube  shown  in  Fig.l  ,  and  with  no  flow  of  steam 
thru  the  pipe,  a  small  ball  of  water  seems   to 
form  on  top  of  the  Pitot  tube  due  to  surface  ten  - 
sion.  If  the  tube  was  jarred,  the  small  ball  of 
water  would  break  and  cause  an  error  in  the  zero 
reading  of  the  meter.  The  small  capillary  tube  with 
the  copper  wick,  mentioned  above,  was  inserted  to 
overcome  this  difficxolty,  and  seems  to  have  succeed- 
ed in  preventing  the  formation  of  the  ball  of  water, 
as  it  lowered  the  zero  reading  of  the  meter  from  10 
to  20  degrees. 

As  may  be  seen  from  the  log  forms,  the  constant 
of  the  gage  glass  is  approxiraatly  1.20.  This  con  - 
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stant,  we  believe,  should  be  very  nearly  -unity. This 
different  may  have  been  caused  either,  by  the  error 
due  to  the  fluctuation  of  the  velocity  head,  which 
error  is  very  large  at  low  velocities,  or  that  the 
zero  point  of  the  gage  glass  may  have  been  wrong. 
This  error  of  the  zero  point,  due  to  the  small  ball 
of  water  which  forms  on  top  of  the  Pi  tot  tube,  may 
amount  to  0,20  of  an  inch  when  there  is  no  flov/  of 
steam  thru  the  pipe. 

Rions  were  made  on  a  4  inch  pipe,  but  the 
results  were  unsatisfactory.   This  was  fo^jnd  to  be 
due  to  the  bending  of  the  connecting  rod  in  the 
meter.   This  and  many  similar  accidents  hindered  us 
from  obtaining  more  complete  data. 
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Conclusions. 

1.  That  there  is  a  well  defined  curve  showing 
the  relation  between  the  meter  readings  and  the  flow 
of  steam  thru  the  pipe  per  hour, 

2.  That  the  curves  are  of  the  same  form  for 
different  pressures,  and  hold  the  same  relation  to 
each  other  as  do  the  theoretical  curves. 

3. That  the  curves  obtained  with  the  second 
form  of  Pi  tot  tube  as  shown  by  Fig.  3  ,  follow  more 
nearly  the  slope  of  the  theoretical  curves  than 
those  obtained  with  the  form  of  Pi  tot  tube  as  shown 
by  Pig.  1  ,  which  is  undoubtedly  due  to  the  small 
capillary  tube. 

4.  That  within  the  limit  below  which  we 
ran,  namely  2  inches  of  water,  the  gage  glass 
instrument  does  not  give  good  results. 

5.  That  the  meter  is  of  good  pratical  use 
where  the  steam  passing  it, is  dry  and  saturated  , 
and  where  the  steam  pressure  is  constant. 

6.  That  a   disadvantage  of  the  meter  is, 
that  there  must  be  a  different  calibration  for  every 

pressure. 
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